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BIOCHEMICAL  STUDIES  ON  THE  TOXIC  NATURE  OF  SNAKE  VENOM 


The  Amino  Acid  Sequence  of  Cobrotoxin  i  nV,  /' 

”*  '  ■  _ L-->' 

•  Studies  on  the  chemical  properties  of  cobrotc/xin  have  esta¬ 
blished  its  amino  acid  composition »  and  revealed  Ahat  the  toxin  has 
a  single  peptide  chain  of  62  amino  acids  cross-linked  by  4  disulfide 
bonds  with  amino  terminal  leucino  and  carboxyl  terminal  asparagine. 

In  comparison  with  the  entire  sequence  of  toxin^O^ron  the  venom  of 
Na.ia  ninri collie  the  similarities  obviously  must  lie  in  its  alike 
chemical  structure.  Knowledge  of  tho  sequence  of  cobrotoxin  is 
required  in  order  to  understand  the  location  of  tho  essential  amino 
acid  residues  required  for  the  maintenance  of  the  active  conformation 
of  this  type.  It  is  tho  purpose  of  this  experiment  to  present  the 
sequence  of  amino  acids  in  cobrotoxin.  <.  )< - 


Reducod  and  S-cerboxyrnethylatfid  cobrotoxin  was  digosted  with 
trypsin  and  chyuotrypsin.  Nino  poptidos  were  isolated  from  the 
tryptic  digost  by  a  combination  of  electrophoresis  and  chromatography 
on  paper.  Tho  amino  acid  sequence  in  these  poptidos  was  determined 
by  both  the  application  of  tho  Edmnn  degradation  and  the  use  of 
proteolytic  enzymes,  loucino  aininopaptidrsc  and  carboxypoptidases. 

The  arrangement  of  nino  poptidos  into  n  1  inuni'  structure  was  made  by 
comparing  tho  amino  acid  compositions  of  tho  overlapping  poptidos 
Isolated  from  chymotryptic  digest  of  KCM-cohro toxin.  The  striking 

distributional  regularities  of  tho  basic  and  hydrophilic  residues 
in  the  sequence,  and  the  importance  of  tho  positions  of  hnlf-cystinyl 
residues  which  form  the  disulfido  bonds  for  maintaining  the  protein 
in  its  active  configuration  aro  considered  in  connection  with 
structure-activity  relations  of  the  pi'otoin. 


ABSTRACT 


The  Amino  Acid  Seouonce  o f  Cobrotoxin 

Studies  on  the  chemical  properties  of  cobrotoxin  have  esta- 
blishcd  its  amino  acid  composition,  and  revealod  that  the  toxin  has 
a  single  peptide  chain  of  62  amino  acids  cross-linked  by  4  disulfide 
bonds  with  amino  terminal  leucine  and  carboxyl  terminal  asparagine* 

In  comparison  with  the  entire  noquenco  of  toxin  0(  from  the  venom  of 
Nqja  niH_vi.cpllig  tho  similarities  obviously  must  lio  in  its  alike 
chemical  structure.  Knowledge  of  the  sequence  of  cobrotoxin  is 
required  in  order  to  understand  tho  location  of  the  essential  amino 
acid  residues  required  for  tho  maintenance  of  the  active  conformation 
of  this  typo.  It  is  tho  purpose  of  this  experiment  to  present  the 
ooquenco  of  amino  acids  in  cobrotoxin. 

Reduced  and  S-carboxymothylatod  cobrotoxin  was  digested  with 
trypsin  and  chymotrypoin.  Nine  poptidoa  ware  isolated  from  the 
tryptic  digest  by  a  combination  of  electrophoresis  and  chromatography 
on  paper.  The  amino  acid  sequence  in  tho so  poptideo  was  determined 
by  both  the  application  of  tho  Edman  degradation  and  tho  use  of 
proteolytic  onzymea,  leucino  aminopeptidaoo  and  carboxypoptidases* 

Tho  arrangement  of  nine  peptides  into  a  linoar  structure  was  raado  by 
comparing  the  amino  acid  compositions  of  tho  overlapping  poptidos 
isolated  from  chymoiryptic  digest  of  RCH- cobrotoxin.  The  striking 

distributional  regularities  of  the  basic  and  hydrophilic  residues 
in  tho  soquenco,  and  tho  importance  of  tho  positions  of  Iialf- 
cystinyl  residues  which  form  the  disulfide  bonds  for  maintaining 
the  protein  in  its  activo  configuration  aro  considered  in  connection 
with  structure-activity  relations  of  tho  protoin. 

In  comparison  with  tho  ontiro  ooquonce  of  toxin  ot  and  erabu- 
toxin  b,  31  residues  aro  found  to  bo  common  to  the  throe  nourotoxins. 
It  is  noteworthy  that  all  cystinyl  residues  which  aro  important  to 
the  biological  activity  in  neurotoxin  aro  all  in  tho  same  position, 
end  leave  tho  conter  ooquonce  from  residue  25*40  free*  It  is 
■peculated  that  thin  control  non-cro unlinked  sequence  containing 
most  of  ttio  basic  and  aromatic  amino  acids  in  close  order  might  be 
the  *'activo  site"  of  tho  nourotoxin  noloculc.  Moreover,  the 
sequonce  of  cobrotoxin  shows  very  closely  related  to  that  of  toxin 
Q(  isolated  from  tho  nnmo  family  of  snake.  Thoro  aro  only  teen 
differences  in  amino  acid  composition  of  toxin  a  which  express 
themoolvos  in  12  different  residues  and  one  missing  rosiduo  along 
tho  whole  chain.  In  viow  of  tho  general  similarity  among  neuro- 
toxino  isolated  from  different  snake  vonomo,  investigations  of  the 
structural  differences  among  them  should  reveal  a  good  deal  about 
the  structural  features  responsible  for  tho  venom  toxicity. 
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The. Amino  Acid  Sequence*  of  Cobrnt.n«Hn 


I .  Introduction 

Studies  on  tho  chemical  properties  of  cobx*otoxin  hove 
established  its  amino  acid  composition,  and  revon-led  that  the  toxin 
*  singlo  peptide  chain  of  62  amino  acids  cm  so- linked  by  4 
disulfide  bonds  with  amino  terminal  leucine  and  carboxyl  terminal 
asparagine  (l ,2) •  In  comparison  with  the  entire  seqtxonco  of  toxin 
K  from  the  venom  of  Naja  nigricollir.  (3)  the  similarities  obviously 
must  lie  in  its  alike  chemical  structure.  Knowledge  of  the 
soquence  of  cobrotoxin  is  required  in  order  to  understand  the 
location  of  the  essential  amino  acid  residues  required  for  the 
maintenance  of  the  activo  conformation  of  this  type.  It  1b  the 
purpose  ox  tni»  experiment  to  present  the  detailed  results  which 
lead  to  the  formulation  of  the  soquence  of  amino  acids  in  cobrotoxin. 

As  a  prorequisite  for  this  study  reduced  and  S-carboxymethylatod 
cobrotoxin  was  digested  with  trypsin  and  chymotrypsin.  The 
resulting  peptides  were  separated  and  their  amino  acid  sequences 
were  dotermined  largely  through  the  application  of  the  Edman 
degra'dation  technic.  From  the  results  of  this  investigation,  the 
62  amino  acid  residues  of  cobrotoxin  have  been  placed  in  sequence. 


II.  Materials  and  Methods 

Cobrotoxin  used  in  this  study  was  prepared  from  Formosan  cobra, 
(HgJn  naja  atra)  venom  as  previously  described  (4).  Trypsin  was 
the  TPCK-treatod  crystallized  preparation,  Lot  7  KA;  *-chymotrypsin, 
tho  three  times  crystallizod  oalt-froo  preparation,  Lot  6  JF j 
leucine  aminopeptidaoa ,  the  DFP  treated  suspension,  Lot  6  1C;  and 
carboxypeptidasos  A  and  B,  tho  DFP  trantud  suspensions.  Lot  6  FC 
and  Lot  29  respectively.  These  etizyno  preparations  wore  ell  the 
products  of  Vorthington  Biochemical  Corp.  Reagent  grada  of  p- 
mercaptoethanol  and  iodoacetic  acid  obtained  from  Mathason  and 
Coloman  Company  and  purified  phenyl iso thiocyanate  obtained  from 
Pierce  Chemical  Company  wore  uood.  All  othor  rongonto  were  of 
analytical  grade.  Sephadex  6-25  was  purchased  from  Sigma  Chemical 
Company  and  urea  was  a  Mallinchrodt  reagent.  Pyridine  was 
distilled  prior  to  uso. 

1 .  Reduction  and  alkylation  of  cobrotoxin 

Reduction  and  alkylation  of  cobrotoxin  was  porformed  according 
to  tho  method  doacribod  by  Creotfiuld,  Moore  and  Stein  (5). 

Three  hundred  mg  of  cobrotoxin  w ns  dissolved  in  10  ml  of  0.2  M 
Tris-HCl  buffer  (pH  8.2)  containing  8  M  uroa  and  0.3  *1  of  p- 
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mercaptoothanol  was  added.  The  glass- stoppered  tube  v as  flushed 
with  N2  and  left  at  room  temperature  for  4  h.  For  alkylation,  a 
freshly  prepared  oolution  of  900  mg  iodoacetic  acid  in  2.3  ml  of 
2  N  NaOH  was  added  with  ctirring  and  the  pH  of  the  solution 
Maintained  at  pK  0.6  with  the  aid  of  2  N  NaOH.  After  30  min  the 
solution  was  desalted  by  passing  through  a  column  of  Scphadox  6-25* 
The  reduced  and  2-carboxymethylated  (RCM-)  cobrotoxin  emerged  in 
the  void  volumo  was  pooled  and  lyophilizod. 

2 •  Tryptic  digestion  of  RCM-cobro toxin 

The  RCM- cobrotoxin  was  dissolved  in  0.1  M  NH4HCO3,  pH  8.2,  to 
aake  a  1  %  solution  and  a  sufficient  trypsin  oolution  ( 10  mg/ml  in 
water)  was  added  to  give  a  protein  1  enzyme  ratio  of  50  t  1. 

After  incubation  at  37  for  2  h,  the  reaction  was  stopped  by  the 
addition  of  1  M  acetic  acid  to  pH  4  and  the  digest  wan  dried  over 
Pa05  in  a  desiccator  under  vaccum. 

3.  Fingerprinting 

The  dried  digest  was  dissolved  in  wntor  and  aliquots  corres¬ 
ponding  to  1  mg  of  tho  original  protoin  wore  subjected  to  electro¬ 
phoresis  at  pH  3.4  with  pyridino-acetic  acid-water  (20  t  7  t  973 1 
v/v)  (6)  on  74  x  56  cm  sheets  of  Vhatman  No.  3  MM  paper.  The 
elactrophorosis  was  carried  out  in  a  varsol  cooled  tank  with  a 
potential  gradient  of  51  V/cm  for  60  min.  Aftor  drying, 
chromatography  was  run  with  n-butanol-acetic  acid-water-pyridine 
(15  *  3  *  12  *  10,  v/v)  (7)  by  tho  descending  method  for  18  h  at 
room  temperature.  Peptides  on  tho  map  were  developed  initially 
with  0.2  %  ninhydrin  in  nbsoluto  othanol  and  thnro  aftor  with  the 
Ehrlich  raagont  (8)  to  characterize)  poptidos  containing  tryptophan. 

4.  Isolation  of  poptidos 

Tho  tryptic  poptidos  from  60  rag  digostod  protein  wore 
separated  by  pepor  oloctrophorosis  at  pH  5.4  on  a  shoot  of  74  x  30 
cm  as  doscribed  above.  After  which,  1  cm  strips  wore  cut  fi'om 
both  sidos  of  tho  electrophoretogrr.m  and  developed  with  0.2  % 
ninhydrin  in  ocotono  (w/v) .  Using  tho  dovolopod  strips  ns  markers 
the  areas  of  the  electrophorctogrora  containing  tho  poytido3  wore 
cut  out  and  stitched  to  fresh  sheets  of  Whatman  No.  3  MM  paper,  for 
descending  chromatography  as  described  above.  Marker  strips  were 
cut  out  and  dovolopod  to  detect  the  positions  of  the  poptide  bands 
which  waro  then  cut  out,  eluted  with  1  N  acetic  r.cid  and  dried. 

In  soma  cases,  an  additional  electrophoretic  separation  using  pH 
1.9  with  88  %  formic  acid-acetic  acid-water  (25  ’  87  *  888,  v/v) 

(9)  at  55  V/cm  was  nocossary  to  obtain  the  purifiod  peptides. 
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5  •  ryot j^c_(Kiv,uilion  o r  tryptl  c  poptidoo 

About  1  mole  of  the  tryptic  peptide  wno  dissolved  in  1  ml  of 
0.1  M  KH.HCO  ,  pH  C.2  and  0.1  ml  of  chymo trypsin  solution  (5  mg/el) 
was  addoa.  Thu  mixtures  wox*e  incubated  at  room  temperature  for  24 
h.  Aftur  which  the  pH  of  the  solution  woe  lovorad  and  the 
solution  was  takon  to  drynono  for  fingerprinting  and  for  isolation 
of  peptides  as  described  abovo. 

6.  Asino  acid  analysis 

For  the  determination  of  amino  acid  compositions,  tho  peptide 
bands  containing  0.2-0. 5  p  molo  were  eluted  with  constant  boiling 
5.7  N  HC1 ,  and  hydrolyzed  at  110°  for  24  h  in  evacuated,  sealed 
tubes.  Amino  acids  were  determined  on  a  Tochnicon  amino  acid 
Autoanalyzor  with  norluucino  do  an  internal  standard  or  identified 
by  paper  electrophorooi a  at  pll  1.9.  Analyses  for  tho  peptides 
containing  tryptophan  were  nado  after  completo  hydrolysio  of  tho 
peptide  with  leucinu  nminopoptidaou  in  0.1  M  NH.HC0„  buffor,  pH  8.2. 

7 .  Determination  of  H-torninal  socuonco  using  tho 
Kdtnnn  degradation 

Tho  sequence  of  amino  acid  residues  in  peptides  was  determined 
primarily  by  moans  of  the  Sdmnn  PTH  procedure.  Tho  following 
modification  of  the  method  by  Doolittlo  (10),  and  by  Light  and 
Groenborg  (ll)  was  routinoly  used.  About  0.5  -1  y  mole  of  dried 
peptide  spocimon  in  a  glass- stoppered  centrifuge  tube  vao  dissolved 
in  1  ml  of  0.4  M  dimethylallylauino  in  60  %  pyridine  buffer  to 
which  tho  pH  has  been  adjusted  to  9*3  with  1  N  trifluoroacet.ic 
acid.  40  31I  of  phsnylisothiocysnato  was  added  and  tho  tubs  was 
flushed  with  pure  Ng  gas  for  about  .10  soc.  The  mixture  was  than 
incubated  at  40°  for  1  h.  Aftor  which  tho  excess  roagont  was 
rsmovsd  thoroughly  by  repontod  extractions  with  2  volumes  of 
benzono  5  times  and  cyclohexane  3  times.  Tho  aqueous  phaso  was 
flushed  with  a  stream  of  Np  gas  to  rnmovo  the  traces  of  organic 
solvent  and  then  taken  to  dryness  in  a  decuicator  containing  P2O5 
and  NnOH  pollotg  undor  reduced  proscurc.  Cyc.lization  was 
perfortuod  at  40°  for  1.5  h  in  0.2  ml  of  glacial  acetic  acid»conc. 
HC1  (5  1  l)  undor  Ng.  Thu  cyclined  r.jixturo  was  takon  to  dryness, 
dissolvod  in  0.5  ml  of  0.01  N  KC1  and  extracted  \)  timoo  with  an 
equal  voluoo  of  ether.  The  ether  phase  was  evaporated  to  drynoss 
end  the  PTH-anino  acid  was  identified  with  tho  descending  paper 
chromatography  of  Sjgquiet  (12)  and  of  Bdaan  and  SjSquist  (13). 
Solvent  A,  C  and  F  were  used  almost  exclusively. 

8 .  Determination  of  N-tormlnal  nequimeo  using 
loucino  aminopouttdaso  (l4) 
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*»d  JO*? tides  about  0.1  yx  mole  were  dissolved  in  0.1  .1  of  weter 

KHdHC0  H  ?  I  ?*4  by  th°  addition  <»'  0.02  ml  of  0.5  M 

Jr  4 HC®3*  _,0:01  ml  of  leucine  aminopeptidase  solution  (l  mg/mi  in 
.4  b>»  M9cj2]  wao  a*fded  and  the  reactions  wore  allowed  to  proceed 
a  3«  •  Aliquots  (0.02  ml)  of  tho  digests  were  taken  after  K,  H 
and  1  h,  acidificed  with  acetic  acid  and  dried.  The  amino  acids 
released  were  idontifiod  by  paper  electrophoresis  at  pH  1.9  and  blank 
digestions  were  always  run  at  tho  same  time. 


TV-** t yon  of  C- terminal  sequence  using 
carboxypoptidanopTi/t)  . . 

The  poptidoo  wore  dioyolved  in  0.?.  ml  of  0.1  M  NH^HCO, ,  pH  8.2, 
and  0.01  uil  of  carbonynoptidaoe  D  solution  (l  mg/ral  in  water)  and 
of  carboxypeptidasu  A  solution  (l  rag/ml  in  water)  were  added. 
Digeations  wore  carried  out  at  for  1  h,  after  which  the  digests 

were  acidified  and  dried.  The  amino  acid  liberated  were  identified 
by  paper  electrophoresis  at  pH  1.9  end  blank  digontions  were  always 
run  at  tho  same  time. 


10.  Detection  of  amide  group  in  peptides 

After  prolonged  treatment  of  acetic  acid-conc.  HC1  in  the  Edman 
degradation  of  peptides,  glutamine  appoarod  mainly  as  PTH- glutamic 
acid,  so  that  additional  determination  of  the  amide  group  warn  nsce- 
■■ary.  In  most  cases,  tho  presence  of  amide  group  in  peptides  wee 
determined  by  24  h  digestion  of  peptides  with  leucine  aminopeptidsse 
or  carboxypeptidases.  Sometimes  tho  electrophoretic  mobility  of 
peptides  measured  at  pH  5.4  indicating  the  net  charge  on  the  peptide 
was  used  for.  judging  the  presence  of.  free  carboxyl  or  its  amide  group. 

11.  Non-onsymatic  cleavage  of  the  peptide  bonds 

Ae  has  been  mentioned  by  Narita  and  Titani  (l5)»  the  use  of  the 
cone.  HCl  was  holpful  to  overcoao  the  difficulty  in  determination 
of  the  threonine  and  serine  due  to  the  lower  recoveries  of  their 
PTH  derivatives  in  tho  Bdman  degradation  using  acetic  acid-conc «  HCl 
mixture.  This  was  performed  with  cone.  HCl  at  room  tomperature 
overnight  to  cleave  the  acyl  serine  and  acyl threonine  linkages  in 
confiraing  the  position  of  seryl  and  threonyl  residues  in  the  sequence 
of  peptides. 


12.  Chymo tryptic  digestion  of  RCM-cobrotoxln  end  the 
separation  of  tho  chymotryptic  peptides 

One  per  cent  of  tho  RCM-cobrotosin  in  0.1  M  NH^HCO.  (pH  8.2) 
was  digested  with  chymo trypsin  at  a  protein  t  onzymo  ratio  of  50  *  1 
at  37  for  24  li.  After  which  tho  pM  of  the  solution  was  lowered 
and  tho  digoots  were  dried  as  described  above.  Fingerprints  wore 
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made,  and  tho  peptides  wore . stained  with  0.02  %  ninhydrin  (w/v)  in 
absolute  ethanol  and  developed  at  6o°  for  20. rain.  The  ninhydrin 
positive  spots  were  cut  out,  washed,  eluted  with  5.7  N  HC1  and 
hydrolysed  at  110  for  24  h.  In  some  coses,  additional  purification 
of  tho  poptidco  using  paper  electrophoresis  at  pH  1.9  were  necessary 
to  fivo  bettor  analysis. 


111.  Results 


1  *  Fingerprinting  of  tryptic  peptides  from  RCM- 
cobrutoxin 


Tho , pattern  of  fingerprinting  of  tryptic  peptide  obtained  by 
two  dimensional  papor  electrophoresis  and  chromatography  is  shown 
in  Fig.  1.  Nino  major  spots  (solid  cycle)  and  6  minor  spots 
(broken  cycle)  are  obtained  and  numbered  orderly  from  the  acidic 
to  tho  basic  side  and  on  tho  basis  of  chromatographic  mobility. 
Peptides  T-4,  T-j,  T-7  and  T-12  gave  initially  a  yellow  ninhydrin 
color  indicating  amino  terminal  glycine  or  threonine.  Peptide  T-2 
gave  only  a  faint  brown  ninhydrin  color  prosumubly  because  of  the 
amino  terminal  asparagine  or  isoloucino  (l6).  Only  two  peptides* 
T-8  and  T-13  showed  a  positive  roaction  with  Chrlich  reagent. 

2 •  Amino  acid  .composition  of  tryptic  peptides 

The  amino  acid  composition  togother  with  the  yiolds  of  tho 
tryptic  poptidos  from  KCM-cobrotoxin  is  prseonted  in  Table  I. 

Amino  acid  analyses  vrpre  performed  on  acid  hydrolysatoo,  except 
peptides  T-o  and  T-13  woro  on  their  loucine  aminopoptidaso 
hydrolysates.  Sinca,  peptido  T-1  has  not  been  isolated  in  pure 
state,  its  amino  acid  composition  was  derived  from  tho  data  that 
included  10  %  of  poptido  T-10. 

Tho  amino  acid  composition  of  nil  poptidos  is  compatible  with 
thair  oloctrophorctic  mobility  end  with  chromatographic  movement. 

Of  tho  peptides  obtained  in  yields  of  more  than  18  55,  all  but  one 
contain  lysyl  or  arginyl  residut?  at  the  carboxyl  ond  at  which 
trypsin  is  known  to  cleave  tho  poptido  bond.  The  exception  is 
peptide  T-1,  which  probably  roprosents  tho  carboxyl  terminal 
sequence  of  tho  protoin.  Of  tho  poptidos  obtained  in  yields  of 
less  than  6  $5,  two  do  not  contain  lysyl  or  nrginyl  residue  but 
contain  tyrosyl  residue  which  is  susceptible  to  chymotryptic 
digostion.  Bocnusu  of  thoir  unique  composition,  these  peptidos  are 
dearly  the  fragraont  of  poptidos  obtained  in  higher  yield.  Other 
peptidos  in  lowor  yield  show  a  composition  that  is  exactly  the  sum 
of  the  compositions  of  two  other  poptidos  obtained  in  higher  yiold, 
indicating  tho  bond  lees  cuscoptible  to  trypsin. 
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Thun ,  only  tho  peptidoo  obtained  in  higher  yicsld  account  for 
the  ontiro  amino  acid  composition  of  cobrotoxin  which  is  the 
following  reoidueni  Aapn,  ThrQ,  Ser,  ,  Glu„,  Pro..,  Gly^  Cy*ft,  Yal 


-Qt  *»“o»  “B‘i  I 

Ile2,  Lout,  Tyrp,  Lya^His^Argg  ,^'frp^7 


*2’ 


8' 


1* 


3 •  Fingerprinting  of  chymotryptic  peptides  from  T- *1 

The  pattern  of  the  poptido  nap  is  shown  in  Pig.  2  where  5  Bain 
spots  arc  obtained.  Poptido  T-3-C-1  Qave  initially  a  yellow  color, 
and  peptide  T-3-C-3  initially  brown  color  indicating  serine  is 
probably  the  amino  terminal . 


4 .  Amino  acid  composition  of  chymotryptic  peptides 
from  tryptic  peptide  T-3 

The  amino  acid  composition  of  the  chymotryptic  peptides  from 
T-3  is  presented  in  Table  XI.  Although  peptide  T-3  contains  only 
one  tyrosyl  rosidue  which  forming  peptide  bond  susceptible  to 
chymotryptic  hydrolysis,  5  distinct  peptides  wero  obtained. 

Since  T-3-C-4  in  a  dipoptido  (see  below) ,  the  total  residues  in 
tho  chymotryptic  peptides  ngreo  well  with  the  entire  amino  acid 
composition  of  T-3. 

5 .  Amino  acid  ooguenco  of  the  peptidoa 

The  half  arrows  nbovo  and  under  the  abbreviations  depict  the 
rosults  of  cnxymic  digestion  and  of  tho  successful  applications  of 
tho  Edman  degradation,  respectively. 

T- 1  H-CM-cys-A  sn- A  sn-011 

- — ,,  "--y 

The  sequonco  was  established  by  tho  Edman  degradation  which 
yiolded  PTH-CM-cys,  PTH-Asn  and  PTH-Asn  subsequently.  Digestion 
with  leucino  nminopoptidase  for  1  h  reloased  only  CM-cysteino,  for 
24  h  gave  CM-uyetoino  and  asparagine.  Since  this  tripeptide  is 
the  only  poptido  in  tryptic  digest  which  contains  no  lysyl  or 
arginyl  residua,  it  might  be  tho  carboxyl  torminql  soquence  of  the 
protein. 

T- 2  H- A  on-G 1 y- 1 3 o~  G 1 v - 1 1 e- A sn-CM- cy n-CK- cy  s-Thr-Thr-Asp- 

Arg^on 

Tho  Ednan  degradation  was  performed  up  to  the  11th  stop 
successfully.  Leucino  r.miuopoptidaso  did  not  liberate  any  free 
onino  acids,  the  true  enuoo  is  not  known.  Digestion  with  cerbesy* 
peptidases  liberated  arginino  and  aspartic  acid  subsequently. 

The  glutamic  ecid  at  4th  position  is  not  glutamine,  booause  the 
peptide  C-8  (H-Gly-Xlo-Glu-Xlo-Asn-OH)  isolated  from  the  thyia* 
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tryptic  digest  of  RCM-cobrotoxin  (Table  IV)  has  one  net  negative 
charge  and  since  PTH-Asn  was  detacted  at  6th  atop  in  this  peptide 
by  the  Edman  degradation. 


T-3  H_-Leu-Glu-CM-cys--Hi s-Ann-Gln-Gln-Scr-Sor- (CM-cys  ,  Asp^ , 
Thrp,  Cer.,  Glu  ,  Pro  ,  Gl y. ) -CM- cy s-Tyr-Ly o-OH 

i  3 

The  amino  acid  composition  of  T-3  indicates  that  it  contains 
26  residues  including  leucine  which  is  the  only  one  solely  present 
in  and  appears  as  the  amino  terminal  residue  of  the  protein  (l). 
Thus,  T-3  represents  the  amino  terminal  sequence  of  the  protein 
extended  up  to  26th  amino  acid  residue.  The  partial  sequence  was 
elucidated  by  the  Edman  degradation,  and  with  carboxypeptidasea 
which  liberated  lysine,  tyrosine  and  CM-cyoteine  subsequently. 


Tyr-OU 


The  soquenco  of  tho  peptide  wan  established  by  the  Edman 
degradation.  Carboxypcptidnoe  A  liberated  only  tyrosine. 

Digestion  with  leucine  aminopoptidaso  released  Glycine,  CM-cysteino 
and  serino  subsequently.  24  h  digestion  with  leucine  aminopoptidaso 
gave  free  amino  acids  including  glutamic  acid  but  no  aspartic  acid. 


T-3-C-2  H-Leu-Glu- CM-cyo-Hic-Agn-Gln- G 1  n-Oli 


The  sequence  of  the  peptide  woo  elucidated  by  the.  Edman 
degradation.  Carboxypoptidase  A  roloasod  glutamine  but  no 
glutamic  acid.  1.5  h  digestion  with  leucine  aminopoptidaso 
liberated  leucine  end  glutamic  acid.  24  h  digostion  gave  free 
amino  acids  but  with  no  aspartic  acid. 


Cone.  HCl 


T-3-C-3  Il-Soiisor-Gln*Thr-Pro^Thr-OH 


The  ooqxience  was  established  by  the  Ednon  degradation. 
Since  this  peptido  ic  neutral,  glutamyl  residue  must  bo  amidated. 
24  h  digestion  with  leucine  aminopoptidaso  liberated  only  sorine 
and  glutamine,  and  carboxypoptidase  A  did  not  liberate  any  freo 
amino  acids.  Tho  peptido  was  treated  with  cone.  HCl  at  room 
temperature  for  16  h.  Tho  products  wore  separated  by  paper 
electrophoresis  at  pH  1.9  into  2  major  fractions  in  addition  to 
several  minor  bands.  One  of  the  major  bends  contained  serine 
and  glutamic  acid,  and  tho  other  contained  threonine  and  prolino. 
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Th*so  confirmed  that  prolyl  residue  is  at  5th  position. 

T-3-C-4  H-Thr-Thr-OH 

am 

The  peptide  gave  an  initially  brownish  yellow  ninhydrin 
color  and  yeilded  only  threonine  on  auiino  acid  analysis.  It  ran 
slightly  faster  than  free  threonine  on  the  chromatogram  using  tho 
solvent  system  of  popti.de  mapping  (n-butonol-acetic  acid-water— 
pyridine,  15  i  3  *  IS  *  10)  and  ran  closer  to  isoleucino  on  the 
olectrophoretogram  at  pH  1.9.  On  Technicon  amino  acid  Autoanalysor 
It  emerged  near  the  position  of  alanino.  The  analyses  of  hydrolysed 
and  unhydrolyzod  aliquots  of  equal  portions  of  tho  peptide  indicated 
a  double  increase  in  ninhydrin  color,  suggesting  that  it  is  a 
dipeptide  of  threonyl threonine •  Since  no  authentic  specimen  of 

threonyl threonine  to  compare  with,  the  chromatographic  and  electro- 
phorstic  mobilities  of  this  poptide  remains  to  be  explained. 

T-3-C-5  H-Lys-OH 

Since  peptide  T-3  contains  only  one  lysyl  residue,  this 
peptide  is  present  in  the  form  of  free  lysine  rather  than  polymer. 


Cone.  HCl 

T-4  H-Gly-CM-cys-Gly-CM-cyo-Pro-Ser-Val-Lys-OH 

The  Edman  degradation  established  tho  above  sequence. 

Leucine  aminopeptidosc  and  carboxypeptidaoes  released  free  amino 
acids  as  indicated.  On  tho  treatment  with  cone.  HCl  at  room 

temperature  for  16  h,  3  major  peptides  in  addition  to  3  minor  were 
obtained  by  paper  elcctrophorosis  at  pH  1.9.  One  of  the  major 
bends  contained  serine,  valine  and  lysine,  and  the  other  glycine, 
CM-cysteine  and  prolino. 

T-5  H-Thr-Glu-Arg-OH 

The  peptide  is  neutral  and  gavo  initially  a  yollow  ninhydrin 
color,  indicating  tho  presence  of  a  glutamyl  residue  and  an  amino 
terminal  throonino.  This  was  confirmed  both  by  the  ndmon 
degradation  and  by  loucino  aminopoptidaso  digestion. 


T-6  H-Asp-His-Arg-OH 

’■  1  — — r 

The  sequence  was  elucidated  both  by  the  Edman  degradation  and 
by  leucine  aminopoptidaso  digestion. 

T-7  H-Qly-Tyr-Arq-OH 
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This  peptide  gave  initially  a  yellow  ninhydrin  color,  indi¬ 
cating  that  glycine  is  the  amino  terminal.  This  was  con fi need 
both  by  the  Edman  degradation  and  by  leucino  aminopept idaao 
digestion . 


T-8  H-Trp-Arg-OH 

- 7  - 7 

The  sequcnco  was  confirraod  by  the  Ednan  degradation. 

T-9  Il-Lys-Arg-Oi! 

The  sequence  was  determined  by  the  Edman  degradation. 

T- 10  H-Asn-Gly-Ilo-Glu-Ile-Aen-CM-cyo-CM-cys-Thr-Thr-Asp- 
Arg-CM-cys-Asn-Aan-OH 

The  coapoaition  of  thia  peptide  ia  iho  sun  of  the  reaiduea 
in  T- 1  and  T-2.  Since  T-l  ia  the  carboxyl  terminal  peptide,  the 
above  sequence  of  T-10  ia  deduced. 

T-ll  This  peptide  has  the  same  composition  as  T-3  except 
that  it  lacks  the  carboxyl  terminal  lyayl  residue.  The  release 
of  lysyl  residue  ia  probably  due  to  the  presence  of  tyrosine  in  a 
position  amino  terminal  to  lysine,  forming  a  bond  susceptible  to 
chyuiotryptic  digestion. 

T- 12  H-Gly-Tyr-OH 

This  peptide  gave  initially  a  yellow  ninhydrin  color,  indi¬ 
cating  that  glycine  is  the  amino  terminal.  The  lower  yield  and 
the  unique  composition  of  this  peptide  indicates  that  it  is  derived 
from  the  amino  terminal  part  of  the  peptida  T-7. 

T-13  H-Trp-Arg-Asp-His-Arg-OH 

The  composition  of  this  double  tryptic  peptide  is  the  sum  of 
the  residues  in  peptides  T-6  and  T-8.  The  resistance  of  the  bond 
to  trypsin  indicates  that  asparyl  residue  is  linked  to  arginyl 
residue . 

T-l4  H-Lyo-OH 

T-15  H-Ai-g-OH 

Electrophoretic  and  pnptr  chromatographic  mobilities  of  these 
pepticb-s  indicate  that  both  nro  present  in  free  forms.  The 
presence  of  free  lysine  and  froo  arginine  io  prcsurably  derived 
from  poptideo  T-J  and  T-7. 
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6 -  Flnnorprintlng  of  chymo tryptic  peptide*  from  RCH- 
cobrotoxin  and  tholr  amino  acid  compositions 

In  an  attempt  to  obtain  the  overlapping  peptides,  the  RCH- 
cobro toxin  was  digested  with  chymotrypsin.  The  pattern  of  finger¬ 
printing  obtained  is  shown  in  Fig.  3.  Since  most  of  the  tryptic 
peptides  contain  specific  amino  acid  residue  such  as  leucine, 
isoleucina,  histidine,  tyrosine,  proline  and  tryptophan  which  can 
be  used  as  marker,  it  is  not  difficult  to  link  each  other  by 
analysing  the  amino  acid  composition  of  the  major  peptides.  The 
results  are  presented  in  Tables  III  and  IV. 


IV .  Discussion 

In  the  present  studies,  the  specificity  of  trypsin  has  come 
to  be  anticipated.  The  variable  yields  of  the  tryptic  peptides 
clearly  indicate  that  the  rate  of  hydrolysis  of  various  bonds  is 
different.  The  preocnco  of  aspartic  ncid  in  a  position  amino 
terminal  or  carboxyl  terminal  to  arginine  markedly  decreases  the 
rate  of  hydrolysis.  This  has  occurrod  in  peptides  T-l  and  T-2,  and 
also  in  peptides  T-0  and  T-G.  Longer  hydrolysis  splits  the  more 
resistant  bonds  but  it  has  also  resulted  in  hydrolysis  of  a  bond 
carboxyl  terminal  to  tyrosine  an  in  peptides  T-3  and  T-7,  probably 
due  to  the  contaminating  chymotrypsin  in  trypsin  preparation,  or 
the  intrinsic  action  of  the  trypsin. 

Chymotrypsin  has  shown  far  less  specific  in  its  action.  In 
addition  to  the  expected  hydrolysis  of  bondB  that  arc  linked  with 
tyrosine,  tryptophan,  asparagine,  histidine  and  lysine,  the 
hydrolysis  of  bonds  that  are  carboxyl  terminal  to  glutamine, 
threonine  and  aspartic  acid  has  been  observed.  The  peptides 
produced  were  obtained  unexpectedly  in  higher  yields. 

Leucine  aminopeptidaoe  has  proved  to  be  useful  in  the  determi¬ 
nation  of  the  peptide  containing  glutamine,  asparagine  or  tryptophan, 
and  in  the  confirmation  of  the  position  of  prolyl  residue  in  the 
peptides  which  is  in  accord  with  the  result  obtained  by  Schroeder 
(17). 


The  destruction  of  sorine,  threonine,  tyrosine  and  CM-eysto’ne 
in  acid  hydrolysis  has  commonly  been  observed.  That  of  serine, 
and  of  throonlne  io  between  5-10  %t  that  of  CM-cyeteine  is  between 
20-40  #,  that  of  tyrosine  io  somehow  more  variable. 

Tho  Edman  degradation  used  in  this  study  has  shown  to  bo 
satisfactory  in  determination  of  at  least  11  residues.  Serine  and 
threonine  were  found  to  form  the  PTH  derivatives  with  a  considerable 
amounts  of  the  dehydro  forms  and  tne  yields  are  probably  lower. 
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Asparagine  appeared  no  problem  regardless  of  its  position  in  Um 
peptide.  However,  glutamine  appeared  mainly  ae  PTH- glutamic  acid. 

The  use  of  the  cone.  HCi  to  split  the  acylserine  and  acyl- 
threonine  has  been  successful  in  confirming  the  position  of  seryl 
and  threonyl  residues  in  the  peptides. 

The  total  residues  as  calculated  from  the  sequence  obtained  in 
this  experlaent  are  in  good  accordance  with  the  anino  acid  composi¬ 
tion  of  cobrotoxin  reported  in  the  proceeding  paper  (ll.  The 
sequence  as  suamarlsed  fron  this  study  is  elucidated  in  Pig.  4. 

In  comparison  with  the  entire  sequence  of  toxin  a  (3)  end 
erebutoxin  b  (18)  es  illustrated  in  Fig.  5,  31  residues  are  found  ts 
be  connon  to  the  thhee  neurotoxins.  These  include  the  positions 
of  all  cystinyl  residues  which  are  important  to  tha  biological 
activity  in  those  types.  Moreover,  the  sequence  of  cobrotoxin 
shows  vory  eloeoly  rolstsd  to  that  of  toxin  (X.  Tboro  are  only 
toen  difforencos  in  amino  acid  composition  of  toxin  which 
oxpross  themselves  in  12  different  residues  and  ona  missing 
rasidue  along  tho  whole  chain.  Sinca  both  of  tha  toxins  aro 

isolated  from  the  same  family  of  snako,  tho  13  variant  raelduos 

aro  comparatively  high  from  the  evolutionary  point  of  viaw. 

In  considering  the  relationship  of  tho  structurs  of  cobrotoxin 
ta  its  activity,  a  nunbor  of  noteworthy  features  of  the  sequence 
may  have  important  functions  in  maintaining  the  activity. 

1.  The  basic  amino  acids  and  tho  functional  rasiduss  are 
mainly  concentrated  in  the  middle  part  (position  25-40)  of  the 
sequence,  leaving  the  remaining  part  very  few  basic  residues. 

Thus,  there  are  2  lyeyl  residues  out  of  the  3,  5  arginyl  residues 

out  of  tho  6,  1  histidyl  residue  out  of  tho  2,  and  all  aromatic 

functional  residues,  2  tyresyl  and  l  tryptophyl ,  occured  in  this 
part.  It  must  be  noted  that  the  two  tyrosyl  residues  react 
readily  in  the  native  protein  with  iodine  chloride  (19),  and  also 
that  the  native  protein  loses  its  lethality  after  tryptic  diges¬ 
tion  (20).  These  all  indicate  that  this  part  must  expose  out¬ 
ward  on  the  protein  and  may  play  an  important  role  in  maintaining 
the  toxicity. 

2.  The  remaining  part  of  tho  sequence  contains  mainly  the 
hydrophilic  residues.  Remarkably,  there  are  no  hydrophobic 
residues  appeared  along  the  sequonce  from  the  position  2-24. 

This  suggests  that  the  hydrophobic  environment  is  probably  not 
required  for  maintaining  the  protein  in  its  active  configuration. 

3.  The  acidic  residues  do  not  appear  to  show  any  particular 
distribution  in  the  sequence  and  many  of  them  are  amidated. 
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Thooo  indicate  that  the  intranol.ecuJ.ar  electrostatic  bonds  are  tlM 
unimportant  to  koop  iu  tho  active  form.  Consequently,  it  scene 
likely  that  tho  disulfide  bonds  aro  probably  the  only  bond  to 
Maintain  tho  protein  in  its  active  configuration.  This  is 
strikingly  in  accord  with  the  fact  that  on  tho  prolonged  treatment 
with  8  M  urea,  cobrotoxin  still  retains  fully  its  lethality  (&!)• 


V .  Conclusion 

Reduced  and  S-carboxymothyletcd  cobrotoxin  was  digested  with 
trypsin  and  chyiso trypsin.  Nino  peptides  wore  isolated  froai  the 

tryptic  digest  by  a  combination  «>?  oloctrophoresis  and  chroma¬ 
tography  on  paper.  The  amino  acid  ocquoncc  in  those  peptidea 
wee  determined  by  both  tho  application  of  tho  Edtoan  degradation 
and  tho  uso  of  protaolytic  enaymes,  leucine  aminopeptiduae  and 
carboxypeptidaoeo.  The  arrangement  of  nine  peptides  into  a  linear 
structure  was  made  by  comparing  the  amino  acid  compositions  of  the 
overlapping  poptides  isolated  from  chymo tryptic  digoot  of  RCM- 
cobrotoxin.  The  striking  distributional  regularities  of  the  basic 
and  hydrophilic  residues  in  the  ooquence,  end  tho  importance  of 
the  positions  of  half-cyatinyl  residues  which  form  tho  disulfide 
bonds  for  maintaining  tho  protein  in  its  active  configuration  are 
considered  in  connection  with  structure-activity  relations  of  the 
protein. 
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APPENDIX  A- 1 


Table  I 


Amino  acid  compooition  of  tryptic  peptides  from  RCM-cobrotoxin 


Peptides 

Amino  ncid  composition 

Total 

reoidues 

Yield 

% 

T-l 

(CH-cyo0.8'  Aflp2.0) 

3 

22 

X- 2 

(CM-cy',.5*  AbP2.95  Thr2.0!  G1U1.0! 

Glyl.1»  Xl°2.0)" 

12 

18 

Ar°l.l 

T-3 

(CM'Cy82.55  A0P1.9*  Thr4.75  Sor2.U; 

G1u5.0>  Proi.l» 

26 

29 

Gly3.o'  Loui.0;  Tyi 0 .9 ’  HiB1.0)-Lys1.0 

T-4 

(CM"Cys1.9i  S°r0.9S  Pr°l.l;  Gly2.0; 

Vftl0.9)’LyB1.0 

8 

29 

T-5 

(TI,ri.o}  Glui.o)-Ar«i.o 

3 

36 

X-6 

(Aop1.0;  HiB1.0)*Ar»1.0 

3 

31 

T-7 

VGXy0>9,  Tyr0  3)-Arg1>0 

3 

30 

T-8 

Trp0.9“Ar°1.0 

2 

27 

T-9 

Lyfll.i’  Arsi.o 

2 

28 

T- 10 

<CM-cy82.3’  AaP5.l’  Thri.9J  G1U1.0» 

Glyi.3»  I1#a.i‘ 

15 

5-3 

Ar«i.o) 

T-ll 

(CM-cyfi2.75  A°Pj . 8 ’  Thr4.0!  Ser2.75 

GlU5.0’  Pr°0.9! 

25 

3.2 

Gly3.0!  Lcu0.95  Tyr0 .3 '  UiBl.0) 

T-  12 

Glyi.0;  Tyr0.9 

2 

2.0 

T- 13 

(A3P1.0;  Hi81.0!  Trp0 .9 '  Ar02.1} 

5 

2.0 

T-l4 

Ar  o 

1 

2.0 

T-15  Lyo 


1 


3.0 


APPENDIX  A- 3 


Table  II 


Amino  acid  coapoait'ou  of  chynotryptic  peptidea  from  tryptic  poptido  T-3 


Peptidea 

Amino  acid  compooition 

Total 

rtaUwa 

T-3-C-1 

<CM-cy*io‘  Abpi.o‘  Thri.o?  s*ri.o»  Glui.o» 

10 

eiy3.aJ“Iyro.7 

T-3-C-2 

(CM-C3rV0»  A-pi.o‘  Glu2.95  Uui.o‘  Hl*i.o) 

7 

T-3-C-3 

(Thra.i’  Sori.9’  Glui.o’  Proi.o) 

6 

T-3-C-4 

Thra.o 

a 

T-3-C-5 

Lya 

t 

15 


APPENDIX  A-3 


Table  III 


Amino  acid  composition  of  chymotryptic  peptides  from  BCM-cobro toxin 


Peptides 

Amino  acid  composition 

Total 

residues 

Yield 

* 

C-l 

Asp3.oJ  Thri.7‘  Ar®i.o 

9 

12.1 

C-2 

(CH-cy,1  3?  AoP1>4;  Thr^0?  ^.,1 
Gly3.0>"Tyr0.8 

GiU1.2* 

10 

8.9 

C-3 

CM-cy*2.1?  A-P3.05  Thri.8’  61ut.3‘ 
u*a.o«  Ar°o.6 

Giyi.2$ 

13 

5.2 

C-4 

<CM-c»*1.8'  ‘"'l-o'  "“■l.*'  S*r0.7' 
“’ra.9,-tjrr0.7 

owt.i> 

ll 

4.0 

C-5 

C*"cy*0.6"Tyri.u 

2 

1.1 

C-6 

Asp 

1 

6.7 

c-7 

CM-cy*0.8«  G*uo.9*  Uui.o‘  h1bi.o 

4 

0.6 

C-8 

A.p1<0>  Glui.ol  Glyo.6‘  ll*a.o 

5 

1.9 

C-9 

CM-cya0.8«  A,pl.0!  GIu3.0{  Uu0.8; 

7 

18.9 

C-ll 

CH'c^0.8?  AbP2.05  Ar°1.0 

4 

6.8 

C-12 

Thr2.C5  Ser2.0:  G1U1.0;  Pr°1.0 

6 

31.0 

C-13 

CM-cys2  2,  A0po>8;  Thr1#1;  Ser^s  Giu^, 
Pl°1.2?  Gly2.1!  Val1.0’  Ly"l.05  Ar®2.0 

13 

9.1 

C-14 

(Glyi.0}  /*r»0.5)-Tyr0.8 

3 

7.6 

C-15 

<A*P1.1>  Glyl.o’  Hls0.9'  Ar9i.8)Tyr0.4 

6 

6.0 

C-l6 

A*P1.05  Ly82.0’  Ar01.95  Trp+ 

6 

2.0 

C-17 

(Ly*1.o;  Arfli.2)-Trp* 

3 

4.8 

C-18 

(Ly.2.0»  Ar91.3)-Trp. 

4 

5-8 
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APPENDIX  A-4 


Table  IV 


Probable  sequence  of  chyrao tryptic  peptides  frosi  HCH-cobro toxin 


Peptides 

Probable  amino  acid  sequenco  Not 

charge 

C-l 

H-CyS-CyS-Thr-Thr-Aap-Arg-CyS-Asn-Aan-OH 

-3 

C-2 

H-Gly-CyS-Ser-Gly-Gly-Glu-Thr-Asn-CyS-Tyr 

-3 

C-3 

H-Gly-Ile-Glu-I le-Aen-CyS-CyS-Thr-Thr-Asp-Arg- 

CyS-Asc-OH 

-4 

C-4 

H-Thr-Gly-CyS-Scr-Gly-Gly-Glu-Xhr-Asn-CyS-Tyr-OH 

-3 

C-5 

H-CyS-Tyr-OH 

-1 

c-6 

H-Asp-OH 

-1 

C-7 

H-Leu-Glu-CyS-Iii  a-OH 

-1 

C-8 

H-Gly-Ile-Glu-Ile-A8n-0H 

-1 

C-9 

H-Leu-Glu-CyS-Hi a-Aan-Gln-Gln-OH 

-l 

C-ll 

H-Arg-CyS«Asn-Asn-OH 

0 

C- 12 

H-Ser-Ser-Gln-Thr-Pro-Thr-OH 

0 

C- 10 

H-Arg-Thr-Glu»Arg  Gly-CyS-Gly.CyS-Pro-Ser-Val- 

Gys-Asn-OH 

0 

C-l4 

H-Arg-Gly-Tyr-OH 

+  1 

C-15 

H-Arg-Asp»Hi  a-Arg-Gly-Tyr-OI! 

♦  2 

C-l6 

H«Lyg-Lyo-Arg-Trp-Aro-Asp-OH 

♦3 

C-17 

H-Lya- Arg-Trp-OH 

♦  2 

C-i8 

H-Lys-Lya-Arg-Trp-OM 

♦3 

17 


APPENDIX  3-1 


1 


Pig.  t, 


Peptide  nap  of  the  tryptic  hydrolysate  of  RCM-cobrotox> n. 


One  ag.  of  the  hydrolysate  was  used  on  a  sheet  of  Whatman  3  MM 
paper  (74  X  56  ca)  .  The  electrophoresis  was  carried  out  at  pH 
5-4  in  pyridine-acetic  acid-water  (20  :  7  »  973.  v/v)  for  60  win 
at  51  V/ cis.  Chroaatography  was  run  with  n-butanol-acctic  c.cid- 
water-pyridine  ( 15  *  3  5  12  J  10,  v/v)  by  the  descending  method 
for  l8  h. 


18 
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APPENDIX  13-2 


Fig.  2.  Peptide  map  of  thu  cliymotry  ptic  hydrolysate  of  tryptic 

peptide  T-3 . 

Conditions  for  preparation  of  thu  unp  were  tha  aauo  as  those  in 

Flo*  1. 
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APPENDIX  B-3 


pH  3»4,  31  y/cu,  60  aln  (l  st) 
Pyridine-Acetic  acid-Vator  (ao  »  7  *  973) 


Fig.  3.  Peptido  nap  of  the  chyaotryptic  hydrolysate  of  RCM- 
cobro toxin. 

Conditions  for  preparation  of  the  aap  were  the  same  as  those 
in  Fig .  1 . 


H-Lou  -Glu-CyS-HtBTApn-Gln-Glnf Sor-Sor-Gln-Thr-Pro-Thr-ThfrThr 


Amino  acid  oequenco  oS  nourotox 


a  xiamarr 
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ta.  seoNaoNiNo  military  activity 


U.S.  Army  R&D  Group  (Far  East) 
APO  San  Francisco  96343 


Studies  on  the  chemical  pr 
composition,  and  revealed 
acids  cross-linked  by  u  di 
terminal  asparagine.  In  c 
venom  of  Naja  nigricoli is 
stnicture.  Knowledge  of  t 
understand  the  location  of 
maintenance  of  the  active 
experiment  to  present  the 


eperties  of  coorctoxin  have  established  its  amino  acid 
that  the  toxin  has  a  single  peptide  chain  of  62  amino 
sulfide  DC-nds  with  amino  terminal  leucine  and  carboxyl 
emparison  with  the  entire  sequence  of  toxin  flC from  the 
the  similarities  obviously  must  lie  in  its  alike  chemical 
he  sequence  of  ccbrotoxin  is  required  in  order  to 
the  essential  amino  acid  residues  required  for  the 
conformation  of  this  type.  It  is  the  purpose  of  this 
sequence  of  amino  acids  in  cobrotoxin. 


Reduced  and  S-carboxymet.hylated  ccbrotoxin  was  digested  with  trypsin  and  chyrao trypsin, 
Nine  peptides  were  isolated  from,  the  tryptic  digest  by  a  combination  of  electrophore¬ 
sis  and  chromatography  on  paper.  The  amino  acid  sequence  in  these  peptides  was 
determined  by  both  the  application  of  the  Edman  degradation  and  the  use  of  proteolytic 
enzymes,  leucine  aminopeptidase  and  carboxypeptidases.  The  arrangement  of  nine 
peptides  into  a  linear  structure  was  made  by  comparing  the  amino  acid  compositions 
of  the  overlapping  peptides  isolated  from  chymotryptic  digest  of  RCM-cobrotoxin . 

The  striking  distributional  regularities  of  the  basic’ and  hydrophilic  residues  in 
the  sequence  and  the  importance  of  the  positions  of  half-cystinyl  residues  which 
form  the  disulfide  bonds'  for  maintaining  the  protein  in  its  active  configuration 
are  considered  in  connect ion  with  structure-activity  relations  of  the  protein. 

(Cont'd) 


Snake 

Venom 

Cobrotoxin 

Amino  acid 

Analysis 

Trypsin 

Peptide 

Formosa 


In  comparison  with  the  entire  sequence  of  toxin «( and  erabutoxin  b,  31  residues 
are  found  to  be  common  to  the  three  neurotoxins.  It  is  noteworthy  that  ail 
cystinvl  residues  which  are  important  to  the  biological  activity  in  neurotoxin 
are  all  in  the  same  position,  and  leave  the  center  sequence  from  residue  25-40 
free.  It  is  speculated  that  this  central  non-cro3slinked  sequence  containing 
most  of  the  basic  and  aromatic  amino  acids  in  close  order  might  be  the  "active 
site"  of  the  neurotoxin  molecule.  Moreover,  the  sequence  of  cobrotoxin  shows 
very  closely  related  to  that  of  toxin  *  isolated  from  the  same  family  cf  snake. 
There  are  only  teen  differences  in  amino  acid  composition  of  toxin « which 
express  themselves  in  12  different  residues  and  one  missing  residue  along  the 
whole  chain.  In  view  of  the  general  similarity  among  neurotoxins  isolated  from 
different  sr.ake  venoms,  investigations  of  the  structural  differences  among  uhem 
should  reveal  a  good  deal  about  the  structural  features  responsible  for  the 
venom  toxicity.  (Author) 


